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Abstract 
Titanium dioxide ceramics (Ti02) are candidate 
materials for high energy density pulsed power devices 
[ 11. Experiments to quantify the dielectric strength of 
Ti02 have been performed on a limited number of 
unoptimized samples. A high voltage test set was 
constructed to test the Ti02. All samples had a relative 
dielectric constant of 100, all samples were of 3mm 
nominal thickness, and all tests were performed in water 
dielectric to reduce the effect of the triple point field 
enhancement at the electrode edge. Both single layer and 
laminated samples were tested and the breakdown field 
strengths were recorded. 
Voltage risetimes varied slightly around 400 ns 
depending upon the size of the test sample area. Areas 
varied from ~ 0 . 2  cm2 to >lo0 cm’. Both single layer and 
laminated material showed a strong area effect where the 
dielectric strength dropped off as area to the -0.17 and 
-0.1 power respectively. Effective areas of the electrodes 
were calculated using a field solver program. Breakdown 
field strengths varied from 469 kV/cm to 124 kV/cm in 
the single layer specimens, and from 556 kV/cm to 
261 kV/cm in the laminates over an increasing area range. 
Energy density calculations for the material show that at 
areas of approximately 100 cm2 the laminates can store 
nearly 3 times more energy than single layers. 
I. INTRODUCTION 
Advances in pulsed power frequently depend on the 
ability to find better dielectric materials. Titanium dioxide 
ceramics (Ti02) show promise for pulsed power devices 
requiring high energy density componentry because of 
their high dielectric constant provided the dielectric 
strength of the material is adequate. To quantify its 
dielectric strength a test set was built that was capable of 
output voltages > 200.0 kV. The 10% to 90% risetime 
varied with the load but centered around 400 ns with little 
deviation over the four-electrode sizes used. 
11. THE TEST SETUP 
The test set consisted of a tube switched modulator 
submersed in a transformer oil bath. A second container 
within the oil bath held the electrodes and test sample 
submersed in deionized, deaerated water. A capacitance to 
control the risetime was connected in parallel with the test 
sample whenever the low area (small capacitance) 
electrodes were used. Deaeration of the water was 
performed with the Ti02 samples submersed to remove 
air bubbles from the electrode and Ti02 surfaces. 
Stangenes model CVD-350 [2] capacitive voltage dividers 
were used to measure the breakdown voltage of the test 
sample. The monitors were connected at the high voltage 
feedthrough points on the sample container. 
Because the electrodes had large radiused edges, the 
effective area was larger than the electrode contact area. 
The effective area was calculated using a commercially 
available field solver. The edge was arbitrarily defined as 
the point where the E-field dropped to 85% of the peak 
field. The intersection of the E-field line of this value with 
the surface of the test material was used as the effective 
diameter and used to calculate the effective area. The 
discrepancy between the contact area and the effective 
area is most obvious when you consider the 1.27 cm 
diameter hemispherical electrodes. Although the contact 
is a single point, the effective area was calculated to be 
0.168 cm2. 
Submersion of the test sample in water reduced the field 
enhancement at the triple point, but not enough to ignore 
it completely. The field solving software also enabled the 
calculation of a field enhancement factor (FEF). For 
example, the same 1.27 cm diameter hemispherical 
electrodes were calculated to have an FEF of 1.078. 
1II.THE TEST 
A limited number of test samples were available. All 
samples were 3 mm nominal thickness. The dielectric 
constant of Ti02 can be varied at production but all of the 
samples tested had a relative dielectric constant of 100. 
Some samples were a single layer of ceramic while others 
were laminated. The data have been separated 
accordingly. Ti02 is not a self-healing dielectric. When 
the dielectric strength of a particular piece was found by a 
high voltage breakdown through the material a permanent 
defect remained. This limited the number of tests that 
could be performed with the larger electrodes. As noted 
on the graph in Figure 3, one of the large area data points 
is a single event. 
IV. THE DATA 
Figure 1 and Figure 2 show all the data points for single 
layer and laminated samples of various areas. Figure 3 is a 
comparison of the average breakdown strength as a 
function of area. 
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4gure 3. Average breakdown strength comparison 
Energy density, the amount of energy that can be stored 
per unit volume, is an important figure of merit for 
dielectrics. Figure 4 compares energy density calculated 
at average breakdown field strength for single layer and 
laminated Ti02 test samples. The data . show that 
laminates out perform single layers over the entire range 
of areas tested. At approximately 100 cm2 area, the 
laminates can store nearly 3 times as much energy as 
single layers. 
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Tigure 4. Energy Density Comparison 
V. CONCLUSION 
An area effect was found to exist in both single layer 
and laminated samples of unoptimized Ti02. Test 
samples of laminated construction perform with higher 
dielectric strength than a single layer. The performance of 
the single layer Ti02 followed the expression, 
E,, = 303.2 x (1) 
I490 
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E,, = 373.4 x A4” (2) 
where EBs and EBI are breakdown field strength in kV/cm 
and A is area in square centimeters. In energy density 
laminated samples outperformed single layer samples by 
nearly a factor of 3 at areas of approximately 100 cm’. 
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